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INTRODUCTION

Ribosomal proteins (RPs) have been well known to be essential for protein synthesis. Recently
increasing evidence from our lab and others supports that RP play a critical but poorly
understood role in development as well as disease. Mutations in RP cause a group of diseases
collectively termed ribosomopathies, which are mainly bone marrow diseases such as MDS and
are often associated with increased risk for cancer development. We are interested in Rpl22, an
RNA-binding component of the 60S ribosomal subunit. Rpl22 is dispensable for protein
biosynthesis but plays a role in regulating transformation and hematopoiesis(1, 3). Previously I
have determined that Rpl22 functions as a haploinsufficient tumor suppressor, whose mono-
allelic inactivation can accelerate the development of T-cell lymphoma in a mouse model where
disease is driven by an MyrAkt2-transgene. Rpl22 inactivation predisposes to transformation by
activating the NFxB and its direct target, the stem cell factor Lin28B(3). In addition, we also
found that Rpl22 knockout mice exhibit an MDS-like phenotype associated with anemia and
abnormal bone marrow (BM) hematopoiesis. Consistent with what we observed in our mouse
model, our collaborator found that Rpl22 was mutated or deleted in some MDS and AML
patients. Based on these data, I intend to investigate the role of Rpl22 in MDS and its
predisposition of AML and hopefully can find out new therapeutic target through these efforts.
Rpl22 has a paralog Rpl22-likel (Likel) that shares 70% sequence identity with Rpl22(1, 4), and
I will also explore the role of Likel in the predisposition of blood malignancies as well.

KEYWORDS
Rpl22, MDS, AML, MLL-AF9, ER stress, Rpl22-Likel
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to determine which signaling pathway is required for Lin28B induction. As shown in Fig.1C,
knockdown of PERK significantly reduced NFxB activation as displayed by phospho-NFxB
component and Lin28B induction. We did not see significant differences upon ATF6
knockdown. These data support that PERK signaling is responsible the activation NF«kB
activation and Lin28B induction.

1B. NF«xB/Lin28B induction caused by Rpl22 inactivation also relies on Rpl22 paralog Rpl22-
Likel
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. Ung A C:;:l':' Elg'ﬁi Rpl22+/+ MEF  Rpl22-/- MEF phos -
finding that links s S Control_Rpl22 shRNA Control _Likel ShRNA P65 -

NF«B/Lin28B induction  LIKE1 SIRNA__1__2__ shRNA_1___2 total-E
RPL22

upon Rpl22 loss with Rpl22 '-'NZSB-- .
papralog, Rpl22-Likel, GAPDH- G"\"D“-- L|Nza@

Likel) expression. I h
e s & oo (M
ound that Likel 1s induce Control Rpl22L1shRNA  E Ras transformed Rpl22-/- MEF

upon Rpl22 inactivation ShRNA 12 Control shRNA _ Rpl22L1 ShRNA1 _Rpi22L1 ShRNA2
(Fig.2A). Knockdown  LKE! - Colony
Likel inhibits Lin28B GAPDHE Assay :

induction (Fig.2B) whereas

overexpression Of leel Figure 2. Lin28B induction and transformation induced by Rpl22 inactivaiton depends on Rpl22
. . paralog Like1. A, western blot to show Like1 induction upon Rpl22 knockdown by shRNA. B, western blot
increases Lin28B levels as to show that Rpl22 loss leads to Lin28B induction and knockdown of Like1 abrogates Lin28B induction. C,

. . western to shown knockdown of Like1 by two different shRNAs. D, western blot to show that Like1
Well as NFKB Slgnahng as overexpression (L1-HA) increases NFkB signaling and Lin28B induction. GAPDH is used as loading control
demonstrated by for all western. E, colony formation assay to show that knockdown of Like1 abrogates transformation
caused by Rpl22 loss.

phosphorylation of p65
(Fig.2C). We don't know whether PERK activation depends on Likel induction yet. We are now
investigating whether Likel is required for ER stress to activate NFxB signaling and Lin28B
induction. Furthermore, I also observed Likel induction is required and sufficient to promote
transformation in colony formation assay (Fig.2D-E; and not shown). All these data suggest that
Likel induction occurs before Lin28B induction and plays critical in transformation. We are now
focusing on the role of Likel in the progression of blood malignancies(6, 7) and other solid
tumors(8) because Likel
amplification was found in these

diseases. 6 -

w
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2. To assess the role of p53 induction in the perturbation of hematopoiesis observed in Rpl22-/-
nice , , Rpl22+/+ Rpl22-/-
Ribosomal protein defects frequently induce p53 (9, : :
10). To assess the role of p53 in perturbation of
hematopoiesis in Rpl22-/- mice, p53 null mice were
crossed with Rpl22-/- mice. We looked p53 levels in
the bone marrow from Rpl22 wild type (WT) and
knockout (KO) mice and found out p53 is not
dramatically altered in bone marrow cells, particularly
upon enriching for stem/progenitor cells by depleting Figure 4.  Western blot to show p53
cells expressing lineage markers (Fig.4). We also expression levels in bone marrow cells (BM)
. . isolated from Rpl22 wild type (WT) or knockout
analyzed thf.: phen(')t}'/pe. n Rpl22-/-p53-/- mice and mice (KO) with or without lineage depletion
found the mice exhibit similar phenotype with Rpl22-  (Lin Dep.) and 2 days or 5 days 5-Fu
/-. We also did RNA-seq analysis and real-time PCR  treatment. Actin is used as loading control.
in the bone marrow cells from Rpl22 WT and Rpl22
KO and found out the p53 targets not altered significantly except p21. Based on this, we assume
that p53 may not significantly influence hematopoiesis in Rpl22 KO mice.
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3. To explore whether Rpl22 loss induction accelerate Myelodysplastic Syndrome /Acute
Myelogenous Leukemia progression
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Figure 5 A. Schematic to show the transplant mouse model. BM cells were harvested, transduced with
MLL-AF9 oncogene and then transplanted to irradiate recipient mice. B. Spleen weight of the recipient
mice receiving transformed BM cells with MLL-AF9. C. Hematocrit of recipient mice receiving BM
cells transduced with MLL-AF9.

We used MLL-AF9, a frequent translocation in AML and its oncogenic activity is established in
murine model(11, 12). Mice transplanted with MLL-AF9 cells displayed leukemia phenotype as
early as 6 weeks(13). So we transduced BM cells from Rpl22-/- and Rpl22+/+ mice with MLL-
AF9 and transplanted the cells into the recipient mice. As we expected, mice receiving Rpl22



KO cells display AML
phenotype as shown in
Fig.5. Rpl22 loss seems
to be predisposed to
AML.

We also  generated
MLL-AF9 transgenic
mice with Rpl22 KO to
study whether Rpl22
deletion will accelerate
AML development in
vivo. We found Rpl22
knockout =~ MLL-AF6
mice displayed poor
survival compared with
wild type counterpart
(Rpl122-/-;MLL-AF9 VS
Rpl22+/+;MLL-AF9,
p<0.05)(Fig.6).
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Figure 6. Percentage survival of MLL-AF9 transgenic mice and Rpl22
knockout (Rpl22-/-) mice showed poor survival compared with Rpl22 wild

type mice (Rpl22+/+).

KEY RESEARCH ACCOMPLISHMENTS
1. Linked Rpl22 defect with ER stress PERK pathway and thereby increase oncogenic

targets

2. Although p53 induction occurs upon ribosomal defects and is usually linked with bone
marrow disease, our data doesn't support p53 is the key player in MDS/AML caused

by Rpl22 defect.

3. Uncovered a pathological role of Rpl22 defect in promoting AML progression.

CONCLUSION

Provided insight of the mechanism underlying Rpl22 defect in MDS/AML and linked it
with ER stress PERK signaling. Our survival data in MLL-AF9 transgenic mice strongly suggest
that Rpl22 mutation or deletion might be a poor prognostic marker in AML. On the other hand,
because we found Likel is induced upon Rpl22 inactivation and its expression is required and
sufficient to promote transformation and Lin28B induction, we plan to investigate the role of
Likel induction in the development and progression of blood malignancies as well as solid
tumors. Also we will evaluate the prognostic value of Rpl22 defect and/or Likel overexpression

1n cancer.
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Abstract

Mutations in ribosomal proteins often cause bone marrow failure syndromes
associated with increased cancer risk, but in most cases, the basis by which they do so
remains unclear. We have previously reported that the ribosomal protein Rpl22 is a
tumor suppressor in T cell acute lymphoblastic leukemia/lymphoma (T-ALL), and that
loss of just one Rpl/22 allele accelerates T-cell ymphomagenesis by activating NF-kB
and inducing the stem cell factor Lin28B. Here, we show that, paradoxically, loss of both
alleles of Rpl22 restricts lymphoma progression through a distinct effect on migration of
malignant cells out of the thymus. Lymphoma-prone AKT-transgenic or PTEN-deficient
mice on an Rpl22” background developed significantly larger and markedly more

+/+

vascularized thymic tumors than those observed in Rpl22™" control mice. But, unlike
Rpl22*"* or Rpl22*" tumors, Rpl22”" lymphomas were retained in the thymus as large
mediastinal masses that did not disseminate to the periphery, but were eventually lethal,
presumably due to suffocation caused by impingement of the lungs by the lymphoma.
We traced the defect in the Rp/22" lymphoma migratory capacity to downregulation of
the KLF2 transcription factor and consequent reduction in expression of the KLF2 target
and key migratory factor sphingosine 1-phosphate receptor 1 (S1P1 receptor). Indeed,
re-expression of the S1P1 receptor in Rpl22-deficient tumor cells restores their
migratory capacity. Collectively, these data reveal that, while loss of one copy of Rpl22

promotes lymphomagenesis and disseminated disease, loss of both copies limits

malignant cells to the thymus via a novel S1P1-receptor dependent effect on migration.
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Summary (120 words)

While ribosomal protein (RP) paralogs are pretty common in lower organisms, only few
are conserved in vertebrates with unclear functions independent of ribosomal
biogenesis. Among these few is Rp/22/1 (Like1), a paralog of Rpl22 whose expression
is markedly induced upon the inactivation of Rp/22, which is associated with increased
transformation potential. Here we revealed that LIKE1, normally repressed by RPL22 in
a post-transcriptional manner but induced by RPL22 loss, is both necessary and
sufficient to promote transformation. Moreover, LIKE1 induction is observed in a number
of human cancers and is positively associated with poor survival in colon cancer. In
summary, our data suggest LIKE1 induction facilitate oncogenesis and might be a

valuable prognostic indicator for poor survival in colon cancer.
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